Freely moving systems in space conserve hnear and angular momentum. As moving systems collide, the velocities get altered due to transfer of momentum. The development of strategies for assembly in a free-floating work environment requires a good understanding of primitives such as self motion of the robot, propulsion of the robot due to onboard thrusters, docking of the robot, retrieval of an object from a collection of objects, and release of an object in an object pool. The analytics of such assemblies involve not only kinematics and rigid I body dynamics but also collision and impact dynamics_ of multibody systems. In an effort to understand such assemblies in zero gravity space environment, we are currently developing at Ohio University a free-floating assembly facility with a dual-arm planar robot equipped with thrusters, a free-floating material table, and a freefloating assembly table.
_and kinematics are presented in Section 2. The an=alytical models of the assembly primitives such as self motion, propulsion, docking, pickup, and release __ are described in Section 3. An assembly problem is discussed in Section 4. An outline of a general purpose simulation program FLOAT is described in Section 5 which is designed to study strategies of assembly.
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Free-Floatlng Facility
Physical Setup
workpieces from the material table and combine into°The free-floating robot facility of Ohio University prespecified assemblies. This paper presents analytical consists of a free-floating dual-arm planar robot, a models of assembly primitives and strategies for overfree-floating material table, and a free-floating asall assembly. A computer simulation of an assembly is sembly table.
A photograph of the dual-arm freedeveloped using the analytical models. The experiment floating robot is shown in Figure  1 . Each of these facility will be used to verify the theoretical predictions, three units rests on a granite surface supported by -four air bearings. parameters of the links 3A and 3B are computed from the current definition of the robot system.
In summary, the robot system is described by 11
variables: zRs, Yas, Xo,Rs, Yo,Rs, 00, 0_, 0 A, 0 A, 0_, 0_, and 0_. During self motion, the 6 joint angles of the robot are actively controlled and during propulsion, docking, and pickup, these 6 joints are locked.
2.2.2
Material Table  System The material 
2.2.3
Assembly Table  System The assembly With the assumption that the center of mass of RS is at CRs., the 11 variables must satisfy 2 constraints:
+m a r3, = mRsrRs,
where the position vectors are to the center of mass of the respective links in F. On time differentiating the above equation and collecting the terms, it can be written in the following form:
where the coefficients aij are functions of geometry and inertial parameters of RS.
During free motion, the applied joint actuator torques are internal. As a result, the linear momentum of RS in the plane and angular momentum normal to the plane remain constant. These three equations can be written as:
where mrs is the mass of the robot system and K1, 
where MMS is the inertia matrix of MS for XMS 00 is computed using (6). The center of mass of RS and Jp, is the Jacobian matrix of point P' on MS.
drifts with a constant velocity during self motion. After impact, Xns and fKMS are related as follows:
Propulsion of the Robot System
The robot is propelled by 2 air thrusters placed at T1 and T2 on the base of the robot. The rates of RS during propulsion satisfy the following relation:
Mnsf(ns = Jv(T1)TF(T1) + Jv(T_)TF(T2)
On simultaneously solving these three equations, we obtain: 
In order to concisely write the above two equations, we define the following matrices:
Axa = [MMs + JP, T jp-T MRsJp-1jp']-I MMs A2a = [AIMs + Jp,T jp-T MRsJp-1jp']-I jp'T
Jp-T MRs
The rates of the two sytem can then be written as: 
Similarly, velocity of new CMS. is computed from the velocities of the old CMS. and Wi.
The two rate relations can be restructured in a matrix form:
where Aap is defined as: 
Robot System
This primitive relates the rates of RS and AS once
RS releases an object Wi on AS. It is assumed that
during release the applied forces are normal to the plane of motion.
The changes in the rates, therefore, occur only due to redefinition of the systems. 
mRsh-xRs
It--mwixwil,-
Similarly, the velocity of the new center of mass is:
mRsl,-_Rslt-
where Air is defined as: 
The angular rate does not change as a result of adding
Wi, hence, _AS[t+ = OAS[t-.
Using the velocity Jacobian of Cwi., the rates before and after pickup can be related as:
where A2_, Azr are defined as: 
